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an ohmic contact layer respectively. 



PURPOSE: A ferroelectric random access 
memory and fabrication method thereof are 
provided to prevent decrease of the 
capacitance caused by the size limit of an 
upper electrode and a short circuit between 
an upper and lower electrode. 

CONSTITUTION: Two neighboring transistors 
are formed on a semiconductor substrate 
(31). The first isolation layer(35) and second 
one(42) with openings to expose a portion of 
the first one are formed on the substrate. Two 
lower electrodes(41) are filled inside the 
openings. Two upper electrodes(44) are 
formed on a ferroelectric layer(43) with the 
same width as the lower ones. A portion of 
the upper electrodes is exposed to be 
connected to a plate line(47) through the third 
isolation layer(45). A word line(32), source 
(34b) and common drain(34a) of a transistor 
are connected to a bit line(37) and isolated 
from each other by the first isolation layer 
(35). Poly silicon layers are used to connect 
the lower electrodes of a capacitor to the 
source. Ti nitride layers(40) and Ti silicide 
layers(3 ) are used as a diffusion barrier and 
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e asaa wis a ^xi- % □ xhis ^soii as oib we e »aa a«axii cmeai ^xfe ^ 
^sj^s«oi §219 :>i&. 6*:>i &¥oii D4=^j ei-¥S^, a 4= 21 »¥a^« aim ^pjai^io* £M a 

m i u JSf2^ ^oi a^2j sf¥a^oii ^ cHsai-cN Et^m^.^ m\ a 4* 21 a>¥a^oii am 

£3 
A*jojcH 

3HIIH A1EH, &^SxllSJ, CMP, 23^'^, Bxl- 

SAilAI 

£g°| BBS 

£ 1^ ^y^PJ 1T/1C Sfc FeRAM2J g^SISE, 

£ 2fcr eeH^lsOll IfEf XII 2E@ FeRAMM £AI& ^£ BSE, 
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E 3£ @ ^S2J ^Al Oil Oil mm FeRAM M EAIB ^£ 

E 4a LUXI £ 4d^ S ^S2J 91 1 ^ Al Oil CHI Wtm FeRAMHJ XII £ ^SI EAIB g§ 
E 5ai= S IrSSJ 7312^ AlOfl Oil 0}^ FeRAMSJ MinSJSE, 
£ 5b£r E 5a0il D>B 3IOIOJ9E. 

E 6a LUII E 6dl=r S »82| HI 2^ A! Oil Oil Il§ FeRAMSJ XII 5 ^Si £E Alfi g§ ErSE. 
E7b^ g*gS1 XII3^A| 011011 Ctt^ FeRAM £J HIOIOJ5EE, 

E 8a LUXI E 8d^ S XH3^ A| Oil Oil CCfE FeRAMSJ J3I£ ^Si EAIB 5§ 

£9c^ ^S2I 914^ A| Oil (HI (ftg FeRAMSI EIIOIO^E, 

E 10a LUXI E 10d£r S tt82l «l4^A|0j|0il mm FeRAM £| HIS a o^i EAIB i§ B£E. 
E 10e^ E 10d£l x-x^Oil CUB BSE, 

E 11a LUXI E 11dfe & tf9SI AIWIOII CTJE FeRAM£J JII3& ^Si EAIB S§ BSE. 

*E2°J ¥MCHI CUB 

31 : ^EflDIEr 35 : 

41 : 6f¥S^ 42 : Xil2§£M 

43 : a»a»W 44 : #¥2^ 

45 : *!l3§Se 47 : M£ilOIMEh°] 



S3 HI &MIS £3 

& ^§8 his gjaoii ssi 51°^, mai sr^sxii QiieEi^xi- §j 321 His gjsoii »e aoich 

ej«h*|og t KE38| Oil E El ^XFOII/d U^S M (Ferroelectric) a^SMI ^HIHAIEiOII At-S&^SMI DRAM(Dynamic 

Random Access Memory) ^ XI- Oil Ai ifi|[ El H 511 41 (Refresh )S| B3IM □M^Sj DilSEIM 01 gi^ 4= fcfe £ 

Xf°J UH^OI 5! a El 01 5t CK OISHB SSSXII ^t^H OlgSfe 3^axll OIIS ELI r^XK Ferroelectric Random Access Memo 
ry: 01 m 'FeRAM'OI E} Sfg») ±ItS= Ulfttta CHIEEI ^(Nonvolatile Memory device)°1 iie^S S§!0| SCH£! &EH 
Oil AH E XIS get J\^o[^ SSOI 2iM ^B OHJO- ^EE DRAM Oil fi2!8}01 XMICH 3|2|£»£ 2[»»:a 21 Ch 

0| as FeRAM ^XF£1 SrBi 2 Ta 2 0 9 (Oloh 'SBT'EJ- SfSS)» Pb(Zr.Ti)0 3 (0|» 'PZT'EI- 2f8»)» »8 

a a *moi 3^ Aiggoi. »«aa awe stsoiiai ^a&^oi- ^^oiiah ^soii oi=cn ¥ ^hhj bss a#s^(Rem 

nant polarization; Pr) ^EHS 3fU 2>ICH 01 ■ BW»»OI HI m ^(Nonvolatile) DilEEl ±Xt^S\ ggOl ^BEIH 

ij^axii hws oigsfc bi^^^ oiiEdi ±xi$=, jm^tt a^i&sj gisi2s ^^21 ^§ ^§a r oi ^jii sj^mn 

SPISe Xj|>imSM QH y0^1= a^M^SI ^^Oil SJsH P Xl^ ttWL 'VHI- 'O'l XlSSte ol^EliaiAl^ (Hysteresis) ^ 

oisBCf. 

FeRAM ±JkO{\M a«S«l 9HHHAIEH2J ^^axJI B[Bf2SAI S^B PZT S SBT 2J0II fill^^^3hOI M(Perovskite) ^51 
Sr x Bi y (TaiNbj 

) 2 Og(0lsF SBTN) ^^ax-II^Sie Ahgsfe S^. M^^o^ eijS(Pt). OIEI^(lr). ^HIs(Ru), 0iag^»af(lrO). 
¥Ellfe^^9|(RuO), ^S^^(Pt-atloy) e^J 0|g5h01 ^/SfVS^i S^BD. 

E 1^ ^«^ei 1T/1C Sfe FeRAM SI e^tl^E^Aj, 'C'^ ^^S^I3HIIHA| EH. 'Q'b MOS M2!XI^Ei. 'WL, ,W 

L 2 '^ MOS M^IXI^EHSJ ^ilOIMOil S^S 9IEEI-21, 'BL'^ MOS ^XI^EHHJ ^^/Eai2J Oil bl^Ef°i, 'PL 1 ^ 3H 

IIHAIEi°1 ^¥2^011 MaiOI^EfeiM UEftHEK 
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£ 2fe £ 1011 mm §2H}|^2I FeRAM S=AIB ^£ BEEOICK 

E 2M §55^, oigsh <= ^&X\±E\J\ &E«PIB(11). ttEH3IB(11)2| £3 ¥M0il ¥ M£iX|^Ei2f CIE M 

gHXI^ElZi- 3EIS SieH £ttMej^(12), ^ExiPieOO&Oil S&sfSOi 1*39 1 S3S(15), AM S2!S(15)& 

Oil m¥£^(19)B 3»a»|SK20)OI §°^5og *!#£IB l^axll^(20)&0ll m¥S^(19)eD SfS .^M 
^(21)01 Ug9 if^Sl ^¥2^(21)2] ^§ S^i !nBA|3|fe: 1?¥1 3±B i^axll 3H EH A! EH » 

Ai s^ii^ xu2H2M(22), M2m&m(22)2\ j\\=?^m mm &¥a=K2i)oii saioiMBfei(23)B s»»q. 
□am. ^eiixi^Ei^ cmos 5 soil cqef agg^oi. bearish d#oii :HioiMa=K?-iEEf°])(i3)oi s&s 

23, 3101^2^(13)^*21 ^EX-IPIEKlDLHOil 0IS» ¥ ^XI^E12| 51S^ EaiSi(OI8l- 'SMEeiiei'OIBF 
4a) Si 2J ^&X\±B2\ 4b)^h ii^SEK 

□ SI 2. SliaaS(15)S *M.2B2lBSaKl5a.15b)0l xFSII^ g££J 9SSB0I0I, »MSEISe^(15a)S a«»« QH^JEl 
aiS4B93(16)B §« = Eliei(1 4a)CHI b|eae!(17)0l 3^£IB, bl^Ef2l(17)B 30 2839 2 Bf(15b)0l 2J8H 9 

m\H. »H.2S3SS^(15a,15b)2J ISIS Ol^OiS! *U1§2B(15)M 2* S 8101 OH^l^ XII2^ME1B(18):H ^ M§H 
X\±&2\ ±±(14b)2f a«a» 3HEHAIE1SJ XI1 13^(19)8 B^AI&Ch 

£ 20ll EAIS BSH?I££I FeRAM 9fta*l 3H HH A| Q SSAI. ^¥2^(19), a«S«|OK20). &¥a^(21)8 £xf*i 

§/HSh ^¥3^(21 )M exh Ajatsm am d^bi oibsjoi a^axii^(20)jif m¥a=*(i9)e £x^°^ ^ 
nam, eejpi^ 8>¥a^si b:?ibb ^xuppi- oiasa. b o\&& m¥S^^ &¥a^2j bjim m\\ 

»¥a^j» ^¥2^0! e^£]CH SS&SJ 8}§S8 *S8K?I OigJI KH^Oia. 
0|2f 0|«£ 3HHH AIEHSJ SofH^^I &¥£^2J a ^pj. *»¥a^ 32| 0|8*£ HI&8 

SES, gSOirOIIAHb m¥£^S ^ a^aMietS S€i 5f¥S^§ IfllEIH8h3l ^ AH ^ *}EAI 

S»a»W2| ffl**A|9PI ¥1^ Sj^xHEl S§§ *[EA| a S 811 Of B 5fe SHSOI such 

m awaawoi M^^soi-oii ttas, ^^01 (+) P (-)2i a» S8H2 m^^ofoii !cBb sai°j ^^011 caei (+) se^ 

(-)S 2§£jCH[0IM niy(pinning) e^OISI- »]. At SB 4- S8hS| BSSO. 

OIS 6H^5PI ^I6H 6f¥2^I iffl EH ^ Hi ^ ^IH ^£1 A|-g£|2 ^£13gOIU LSMCDSM ^mo\0\ &&&M^m 
ojsl^ ^^01 H|o}£jo i o U> oifer 6h¥2^ 6h¥3^0ll ^Ai 8h¥^2| SM^XI^ ei^Ot a^SXII^SI 

^SOil 01 dig 01 213 m¥2^0l ¥^0ilAH ^^2X11^21 2^01 41?-! 3§8K?I CH 3 S BSOI 2iQ. 

g^^l^OIIAH 3H EH A! Ei S^AI, 6f¥S^/il^5!l^¥5!^ 2^1 IIHEiy8fe 3^. A| EH 21 &xh^ 5500 A 
Ol^o^ oiBHeh E+Xfe Of^B^SAIOII ¥Si ^01 9HHHAIQ Ah 01 M §2112^2? XH^IO^ ShfeQI. M^^OI ^^§Oil 

m&*\0\ ^^gOil HJ-E4- S^bH<y21 M^I0tmEh2i2|- 3HDHAI ElZtOI ^^11 S^SPPf OIBi^l e^£^B 
Ai2| eg XHI >l ShCM ^¥2^1 M&IOI ^Ef o] Oil 2^6H!Xf 6fe ^SOI Wieh£J2 2i^U. 01 3^ 2^ 

^oi a^axneiuj- 5f¥2^§ ^^6^ a^oii ^zina^oi &o\m mmm&2ijk ^¥2^01 B^m 
oiath ° xii s° 2^21^1 dram oil m £ m^&u. 



^SOI Ol^HXF Ste ^1^^ 3iXil 

e ^ss ^^1 #2H^i^2j ^xiise mmmD\ $\m ^^^ah, &¥S^2i b^i xiit^oii a>^ ssms^^ xmm 

^XIofeQI 3H 01 A| El B ^bltl a^S^IOiieEl^^ ^ B XII ^ gJSM XHgofeQI B =^01 2iO. 

^ ^S2i Ef^ 3HIfliAIEi2J EWO{| O^B^SSi ¥& % S&lfHI 0i3t§. BdlB ^5f¥2^^ B^M 

m^Qi sitf^ a^ax-iioiieEi^xf2j xn^ ^ai x-iisoh&ai aia. 

e bbsi 5ecim a»a»W2i ^^oii cq^ asaxyafsi sife ^ xiim^ai a^axii^e ?dis a 
^a xii oil e ei ±x\ si b »i5 g^ae x-iigm^Qi 21 
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A^|oj = ^^6^1 ?i§* g g*S2J S»SX|| Diieai ^Xhfe Signal- ^^U^S^OI 3 £19 &¥ 
Oil 0^2] 8h¥2^, &2I Q4=2J ShVS^M AH ^ ^2AI?IQ1 Cf^HJ m¥2^2| S&sfM 01^^ S 

2M 3^3 &3I D\B9\ 2S<*0il 3*1 lli^i, 04>2| 5f¥a^S £»& £PI ^lli^il ££J, fl! 

Oil 2^ QI8M»H BS»©£fc 2|2|0I #31 0^2j Sh¥S^01l §12? CHB»te £M U^S»|e,^2| Q^°\ ^¥3^ 



nam. g g*S2i gj^axii oiisai £Xh2j 8i£ ^g^si ^sj^s^oi §219 ;>i&2j &d\ #¥011 04> 

2J oh¥2^M g&5K= #31 0^21 S»» £20il 8l1^2e§ H£o^ EKfll, #31 Ili^ii g& 

»AI» #31 04*21 6h¥£^2| 53§ !meA|5l^ &3II, #31 04^2J #31 8lia28#0ll 

§ §#3h£r B3il, #3| a&SXIIsta ^^^o^ ^^moi #3l ^9^01|o| &WAI3lfe E+^t. ^ #31 5.^6^ 2J^a£ll 
°t#0il *!Oi£ #31 04*2| Si¥2^Sa S H3IM M i^Sf2Sfe #31 0^2] 8t¥S^0ll ^ CHSWW 

±= 2|2ioi #31 04-21 m¥2^o<i g§2^ ai»»i= 04=21 #¥2^m *#afe b^m ssskh oi^chsm ^§2g 
&o. 



OloK S gJSOl ^Sfe 3l£SOtOII/d e#2| XI ^ ^5! XPI- S »S2| 3|£3 A[#m gOISWI £A|» 4 s &e §£S 
# Ail 61 ggo}-3| , g &S2| 3h# b^^sh ^AIOIIM §¥ £21 SSS>01 ggo|>3IS ^O. 

E38g ^S2| 8l1^AIGI|0il FeRAM mm SEAIK ?S &2£^AH, £1011 £A|9 »U2| S£i!0l^a*20il ¥ 3HTO1AI 
Ei2| #¥2^01 MAI Oil 2^£! ^£010. 

£ 3011 £AI£ d*2f HOI, 088! ¥ M^XI^Q^ &}E»Pie(31). tt£HPI»(31)#2| S&^Q XH1SQg(35). 

HI1^0M(35)M ^ in^API^ ^H¥¥I Xil1§2M(35)^2i S&SfQ Xil213M(42), fll2§SM(42)2| ;H^?¥ 
Oil *H?-I£! m¥2^(BE)(41). ^¥2^(41) §J 81232 8(42)61 Oil a«aaat(43). ^jOiSE 5h¥2 ^(41)51 H 3^1 

HS ^^2^1^(43)^2] ^¥S^(TE){44), ^¥2^(44)21 ^§ t#A19lb 17¥I ^HI^Ai ^¥2^(44) 

3i a»a«|o«43)8 «I3^2M(45). M3aaB(45)2| 19¥§ ^¥S^(44)0il Meil0|eafe](PL)(47)0l 

o. 

nam, ttcaDieon^si ¥-j^eiej(32), BhEai^iBODUia (34b) ^ 5MEaiej(34a)e s^m^ Ai^ oi^*^m 

^XI^Ei 9J 5SHai2i(34a)0il blM^2!(37)0l 811^2^(35)011 2]6H I^^a. 

nam, xin§2M(35)& d# xni,2#2i-g2^(35a,35b)os oi^oixiw, 8M saaaa«35a)8 ^ea^ B^\m 

m mm SeEeil21(34a)0il g^E±]M^Zl(36m a^£JH, §^:&IMyD(36)01l S^Q b|M£f2i(37)0| 8l1S^aaot(35a 

)^oii g^£jcM. s£m 8naa8(35)^ ^ ^^(34b)sj ±m ¥^e in^Ai?!^ E^ii oi ^^eoii #di^aieM 

a 3(38), EIEm^£IAK)l^(39) 91 El O^gSf R(40)2J 2!#S|0I DHii^O. 

Ol^lAi, §^iUM^Il(36)^ blMafo](37)M M^XI^EiOil S^AOPI 9\m ^^MaH30|Di 8BI ^ BI^MEH 3(38)^ BWM 
AIE12J m¥S^(42)e M^XI^EiOil S^A|9PI g^MaHHOIIl, 5f¥2^(42)2f M£l^ El S8 £111(38) Ah 01 Oil ^ 
eJS! EIBsa^aK40)B ^^dHaiOi^OIH, EIEF^^aiA^0IE(39)^ 2^^^^0ID. 

DfilU. a»afl|S^(43)S SBT, BLT, PZT ( M^MOI milSWU ^^01 EH SBT. £9 BLT, £S PZT, miS^^ 

3foim ^^2j a^a^°i §y m& m^±dto\^ ^p^2j ^^2^1 °i eoiiAi ch i= ami ss^a. 

□ Bill, m¥2^(41)H|- ^¥3^(44)8 0I£|S. OiaiS&StB. ¥91^. ^BIM^Sfg, Re, Rh SI 0IM2] ^^Si 

g oil ah oi!= mum s»sa. 

nam. 811.2.3128(35.42.45)^ aas, bsfb si 01^21 m^se eoiiAi oii= muojm, ^ai 812^28(4 

2)^ TEOS. PSG, BPSG !§2J ^ai^^sf^^ll 6hsFB. AiaSB9B|?ll % 0IM2J ^&^5B§0il/d <y^2 mUOl 

Q. 

ea. 8i2^2§(42)e aissaaa^om, 8i3a2B(45)e H4»z*aasM>ich 

£ 4a UiXI £ 4dfe S ^S2J 8l1^A|0j|0il COM ^^a^l0il£ai^Xh2j 8IS EA|» B2£0|CK 

£ 4a0ij £AIS b^ UOI. &}£xlPIEK31 > Oil ^XhZt ^aiM fl» ^Xh^ai^(32)M BEXD3IB(31)6K)|| 04^2] 

^-J£af2(33)e ^. 9l£a^2(33) ^^2J ^£x^|&(31)Ui0il OI^^S^SM mm M^XI^Ei£J ^^/£eil2(34a. 

34b)e aa»D. 
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0\J\M, ^/E£i]°J(34a.34b) g mm £±/Eeil£I(34a)^ ^ 8m2l ai^oiou s^Q^ s= e^xi^El^ ifg^g 

^gthcKoish -ssHaieroia 48»). a>a/d, ei^ ±^/H5ii°j(34b)s ^ e^xi^eioj ±^ so. 

nan. 388- 99011 ^an sg@ eise ¥ jhhi ^xi^eim s»» sboii nna^aeQ,'(35a)s 84 a asae 
*nis2*aa4(35a)e <y^^og &!4»oi seH£iiej(34a)e in^M3i^ xms@iS(£Ai £S4)e i^sm, xma 

^SOli 8^8Ban(36)B oh^ai^jq. 

Qi2^, g^@!fian(36)5t XI1 1 82*8 3 4(35a)6KM dl^aeig ?|» XI1 1 ££48 S4& »1S 

d^2jo S nHEiy8K5j g£@!8a-in(36)S MeH Se^eil£l(34a)0il S^JEJfe blMei2J(37)M S8&0. 

[}§o£, bl^2iei(37)e XI1 1 82*9 2 4(35a)&0ll SI282JS34 (35b)g §4 S! S&sf&i- ^. XH282*§£4(3 

5b) HI XII1S2*8a4(35a)8 £»2jog ai^OI 4 = &I\±&2\ ±±(34b)M ^8AI9l£r *||2e^8(£A| g£ 

oi^iAi, »iis^aa^(35a)a »i2S2*BS4(35b)e &&®x\\BmM& mg&ou ags »¥4B8 m^Md\j\ $\m n 
iaa»(35)oiD. 

m^oWrt, mm^mm s»» ssoii sa^aes e^mn oil x\*» g§§ eoH xii2e^goii Ba^iaefianosm 

¥^ OHBAIU Batf aSBan(38)6tOII El Els ^ El AhOIE(39)M 8S80. 

0)5|/d. aateftiaA}0l = (39)^ BIEfs §4 3£ ^ XH El M S99H. SXHa* 01^8 EIEI^M EliTISPI fl» &!4 

§§oi oi^oisa. 

Ah^ti- fiatfaSBan/aBte«aAK>l=(38/39)te M£HXI^EiOil S¥ 9^5101. *H2e^80il ¥^ OH^IQ 83 
SO. 

p-gos. EiEm^ai Ami^(39)s s»» aeon uHaoi4Si Eiafe§s>4(TiN)(40)8 §48 ^, oiixi^oiu §f 421 31 31 
^aohB mm Mi2aaaaaK35b)a2i a Em a a 48 xh2E^«oiiei- ssaiso. 

OPIAi, aBte§S4(40)S M a«SMI42l ^ Xi El A| 0j| 6f¥2^i S6H BagaSBan(38)£ 4*h»fc 51 

8 ^Xl 5PI «e bHaCH4°SAI. OlEHe^ dHaOI42£te El Elfea S&4(40)21 Oil TiAIN, TiSiN 0IM2J «*88(0liaai, T 
iSiN/TiN)gOIIAi £1^3 CH1= »UB 0I8S 4 s 2lO. 

SE8, aatoB2t4(40)S SSB bH 54 01 SIS 6h¥£^ HHEi y A| MAI Oil mats! SOI »¥E^j» n =01 8i!8 4=£ 

BBidiai5Ban(38). aafe4iaAWi=(39) u aa88»4(40)a 2(848 ^sa»ic=ea!(SNC)oian ^ 

aio?, XH2#^a^^(35b)^0ll 6h¥2^M ^^6^1 ?l& XII22£^e ^, WI2SE^e <M§^o^ HHEiym 

oi Ba^asBan(38)e eaH M^xi^Ei°j ^^(34b)oii a^s^ ^¥2^(4i)e s^&a. 

0\J\M, 8h¥S^(41)M M2aEafS ^^(Pt), OiaS(lr). OiaS^aSdrOic). *EHte(Ru). Re. Rh » 0IM2J ^ 

»?5ggOIIAI CH != 5fUl S»8feQI, Oil B IS, 01 as, OiaS^SFS SI ^S°J £Ai^ ^#°|(lr/lrO x 

/POM 0I8BD, 

nan, m¥a^(4i)g oi^^ M2B^B a^ias^BKcvD). Ba3i#s*B(PVD) §y ^x^e^s(ALD) ^oiiAi 
muni i^ai esH e^&cK 

CH°1 8F¥2^(41)M 2 SOil XII3#^aeiS|(42)e e^i^cf. 

£ 4b0il £A|@ ti^£f SOI, ^¥2^(41)21 S20I Ha^OH^XI SI3SZ^aQBt(42)B »4S|PI3IIS! HO* Oilxl^o^OI 
H38aaaof(42)LH0|| ^¥2^(41)01 OHHii 84IBO. 

Ol^lAi, m¥S^(41)M H3SaaaaK42)LHOII 0H^jA|3|fe CfE H o^2Sb, SlXi 9382.^^4(42)8 8S» * 938 
2*ag4(42)# <Mi^^o^ Aizimoi m¥S^(41)0l ¥^M ^^Al^m, Si 2 Oil MI2SE48 m Oil XI ^101 

U 842151 3112! a Oh8t0| Ol^Oj^ ^ 2iCK 

73i38^aa4(42)os^ teos, psg, bpsg mhj «aa^»43ii ^»«. 6iasa»45ii mmm ^ 01 

=?^m^0\\M aj§«3 oiL. §mi Olgmoi, »| 1.282^8 04(358. 35b)£ HI382ta 0 4(42)011 1211 0188 
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E 4cOil EAI9 dh2f aoi. &&&& XII3§Z>§!2^(42)&01I a^a*l|2U43)g ^. aSSXIl a|(43)«0ll ^¥S^§ 

8gepi fli3ass>s m^mo. hi^owm, M3E^m £^32^ mEiymoi swa^wnai- n a^pj a^u 

CH e &¥a^(44)M S«»Q. 

OPIAl, a«aaa«43)S SBT, BLT. PZT, M£gO| g^g^U ££OI ES SBT, £S BLT. E£J PZT, El^^ 

^oim q?^£j asaaa §j m& m^^±3io\^ ^ssj a»a»a goii/d chi= ami fi«»oi. sftpi#BSr 

S(CVD). £:H3B ^ LSMCD(Liquid Source Misted Chemical Deposition)^ ^OilAi <y*!@ SH42I g^BS M6H §*r 
SO. 

&¥a^(44)M g£5fe XII3aEaS ^S(Pt), OiaB(lr). OiaS^BSOrQJ. ¥9ls(Ru), Re. Rh ^ OIMSI ^ 
B72BS0IAI 0\± o\Um S85KM. »epiasSrffl(CVD). BBPI6fB*H(PVD) §J 8X188*3 (ALD) ^OIIAI 

2xhi^, sf¥^^(4i)^ «¥a^(44)oi a»aaoK43)«i ^loH &asi ^eisioi &¥a^(44)2j a^Ph 

JHShB £>XI 

SE», &¥a^(44) DH Ei y A| 5^2^(41)31- SB fit 3^1^ ^|6[°? 8*¥a^(41) IHiEiy Al DI-31 3 SB 

4* 0^321 a^AlU ^ SICK 

E 4d0il EAIQ dh2f aoi. M¥S^(44)M S»S ££011 SI4»»aaa(45)8 3*r % S&sH!" ^. MI4Saaaafr(45) 
§ <me«*ho^ A|2|6K)i ^¥2^(44)2] ^§ 32§ ±mMB\£z BWM Al HSSiStEAl B«BCh 

^i^eHAi, 3HHHAiae^aM sbb sboii Maioi^aeim M£M2i ati*a ^xispi mm *^uHBiom(46)a e 
*t §y flHEiyti &&o\\ saioimaeia bsspi ?ib s^aa i^Q. 

OPIAl, «ULmHBI0ia(46)2£fe TiN. Ti S! Ti/TiN ^ Oil AH 8IUI OISBO. 

pgo^ i §£;aa «S|S|£S AH Ei y SI- 01 giBS &¥a^(44)B Aj^ S^APIfe 89101 ^6121(47)^ 8&^CK 

E 5afe S ^32| Xli2^A|0|IOil D>E a#SX!IOiieai±»2| S^fflSSOIH, SE 5bi=r SI2A( Al Oil Oil CTi^ ^T^S xHI DHI S E-l ^ 

»a UEftn aioiohSEoio. 

E 5a2J 'A'B ^§6^, E 1IU- Q = 3HJ2I a^a*JI0liea«OI aa BaiO|eae!(PL1.PL2)OII 2lO. 

«. smsi uiMaeKBLDa ¥ jh°i «=ae!(WLi,wL2)oi bHxisza, b^ mMae!(BLDoii Eai 

ojoi S^g^ H1* = ae!(WL1)0ll ^lOI^^F Xil1^SHXI^EI(MN1)2l HI1 ^^XI^EH(MN1)°J ±±2} SIIBaiOlM 

aei(PLi) Moioii m^m Hna»a»i3HHiAiB(FCi)s oi^chxi^, a^ di^aeKBLDOii Eaieioi s^sin ^ii2?4 

Eao](WL2)01l ^ilOl^^h »l3M^lXI^EH(MN3)2f ^I3^I«XI ^E1 (MN3)2| ^^21 9289101 ^B>o](PL2) AhOIOII 3 

xii2asaai3HnHAia(Fci)s oi^oiaa. 

E 5a2| S^SSB aiOIO^o^ EAIB E 5bS g^ShS, 2^HSJ ^|Eaei(WL1 ,WL2)3f dl^aei(BL1 ,BL2)0| M 

s m^sfe gjfKoimai, ?-iEaeie ^t>^^ bH^sm bi^aeje gm2£ bH^8)°s bHxisjm, ?-iEaei( 

WL1.WL2) AhOIOil blMaei(BL1.BL2)S ^ExlPIEKEAl ^^SPI «S dlMdfei ^^(BLC1 ,BLC2)0I bHXISU, 

ShUHl ^IEa&J(WL1)e CEfBf a 8 8^1 SI13Hni|A|ElSS(Capacitor Module; CM1)0| bHxl£IH, o[\Jt°\ ^|Eaei(W 

L2)m a>a aissf^i x-ii29HimAiEHse(CM2)oi dHxiaa. 

OI^IAI. HI1.23HHHAIEISB(CM1.CM2)S 91 EEh2i^( WL1 §W L2) ^^Oil bHxl& dl ^aeie^M(BLC1 ,BLC2)B S^SIXI 
&E^ ?|EaeiM(WL1.WL2)2| EF^Oil bHxI^EK 

MI19HII1IAIEISB(CM1)S ^EX^PIEKEAI ^^£J^ ^MEIXI E E e §i (Storage Node Contact)(SNC1 ,SN 

C2). , ^Sa3CI!n = SS|(SNC1 i SNC2)0l| S^S Sh¥2^(BE1 ,BE2), Sh¥a^(BE1 f BE2)M 2? SI-U2I ^¥2^(TE 

D2g ^^am, ^¥a^(TEDHf ew^a^Ai emsi BaioiMaei(PLDoi dHxisiin, ^¥S^(ted 

si s&oiisj- Maioi^aeHPum ^¥a^(TEDe s^appi «e 3hhhaiei^^(capci)oi uhxi&ck 

3EIH. JHI23HiIHAIEHEM(CM2)^ ^E^PIEKEAI ^^)HI e^SI^ ^£EIX|EEe^(SNC3.SNC4). ^SEIXIEE=^( 
SNC3.SNC4)0il S^¥2^ (BE3.BE4), Sh¥a^(BE3,BE4)M 2¥ SH42J ^¥2^(TE2)o^ ^^£|D1, ^¥ 

a^(TE2)3f mmm »»og ew^asAH s^usi Maioi^aei(PL2)oi bHxiQDi ^¥a^(TE2)2i s e+ c«i aai 

0l^a2](PL2)3f ^¥2^(TE2)M S^API^I ¥IB 9HDH Al Eie^(CAPC2)0| bHxI^O. 

&d\& ai?iiniAiasB(CMi) ^ ^i23HnHAiEHSM(cM2)oii 2ioiai. a 3HHH ai eime sm2j a*aaa(F)B S«»ffl. 
«¥a^(TEijE2)oi Baioieaej(pu.PL2)oi a=a. 
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e 6a mxi e 6di=: » ^ssi H2ftiAioiioii (B^ i^axiioiiEa^ »sj his ^ai eais i§ BaEoia. o\j\m. ^ 

E£2J E 5b£J y-y'^Oil dfg &aE0IH. E23 £ 5b°i x-x'^Oil B^EOIQ. 

01 8K y-y'£!Oil CCf^ p£JE^ x -x'£!OII CUE BBE^ BCK 

E 6aOil EAIS t»2t »0I. B£EH3IB(51)«I 3aB fl« ■ = «»af(52)« ISSfS, »£a?IB(51)tfOfl £S Di 

E.IM ¥^ U^6I BH^9 « = afi!(53)S SIEaa(53) a^2| «*ExPie(51)moil 0|£^2J5§S 

XI^EiSI 4:^/E£l|0](54a,54b)M a&&Ch 

QUI AH. 4:±/Eeil2J(54a. 54b) g SJ^ ±±/E5Ha(54a)S ^ SHJSl Ul e aa(BL1 )0D 3^£l£r ¥ ^ 2! XI ^ EH 3 Si 

a^aog ^g^cKoim 'ssEaieroia e*sa). oaaAi. ei^ ^/Eaii2i(54b)£ ^ ^xi^asj ^^(oisi- 
^'a a?s»)^ @a. 

aiog, a*s ssoii 2j6n Maxi^aa sera aeoii mazta&QKssaiB b* a ae»» msaa 
asi(55a)e ^iu^2s ±\2tmo\ seEaiei(54a)g bz#Ai?i^ *me^s(EAi a a sua, mm^mw 

q§2?, g>^Maii(56):>i- on^e »iisz>aaai(55a)6KHi dimaeig assK?i «» JiMaE^M g«re ^. ana 
£S[§ Aie«^o^ nHEHyahoi a±@!sa:n(56)B mm 5eEaiei(54a)oii s^s^ diMaeK57m s^^d. 

cn2^ ( di^Biei(57)M sae «nsaaasf(55a)6K)ii ai2»aaaoj- (55b)e as aa»a a2«aaaoK5 

5b) niBZ.ta&SK55a)B Ai2|6h01 2* Mg»!Xl£H2| ^^(54b)M E^AI3I^ »I2SS!B(EAI £8^)B 

^l^ 5HAif x||2^^Se SBB 2 2 CHI BaaaSB S*f»I2 Ollxl*" g§i gsH XJI 2^^011 Batta9Ban(58)B 

¥^ dhsaiej Baaasfia3(58)#oii aabaaA*oi=(59)B aaaa. 

CO/H, aBteaaAJ0l£(59)fe El Els 1^ 91 SXHaB ftoH g^EJffl, ^xHB-l* D|&8 EIEIhI ?IS ^ 

ssoi oi^oiaa. 

»aAias«a=i/aBfe6iaMoiE(58/59)fe ^xi±Ei2j ^(54b)oii s^sm, H2ee<aoi ¥f oHti 
e aasa. 

cno^ ( BBte6iaAK>i=(59)a ass aeon una oi or a aaba»o«TiN)(60)a s«t» ^. ouxi^oiu aa^iai 
a di-b psh xn2#ztaaei(55b)^°i ElBfeiSfafi mihskh H2mmmw& a^Ai^ia. 

omm, aateaas»60)s ^ assaisrg a*iaAioii m¥S^e e^H ■aAiasaan(58)s ^^m^ 5! 
m anspi «a dHawfitesAi. oiaa bHaoi^o^^ aatea»^(60)2ioii tiain. tisin §j oimh] ^aecoimcH, t 

iSiN/TiN)^OilA-i aheh^ CH i= 01 Sa 4- 2iCK 

Ea. aasa^si(60)M aaa dHaojstg m¥a^ iiheh y ai ^aioii imayaoi ah¥a^^ d =oi e^a 4^e 

tffta 3ixH^, x-ii2^^aoii dhh£j^ aaAias»a3(58), aabAiaAjoiE(59) §=! aatea»st(60)2i ^ 
saxitEe^(SNC)oiaii mms=a. 

a§o ?( xii2#ehaaei(55b)^oii 5f¥2}^)§ a^m^i ?ia ^2SE^e e*ra ^. ai2SE^e ^eh^o^ mEdyei- 

Oi ^SaXIEEE^M e^H ^^XI^EH^J (54b) Oil S^EJ^ 6^2^(61 )M i^tfCf. 

OUIAH, 5F¥S^(61)e S^8^ HI2a£aTS ^^(Pt), OiaS(lr). OiaS^aBdra). ^EilM(Ru), Re. Rh S! 0IM2] ^ 

a^^seoii/d Aj^j^ o\± mum sash^Qi, oils §9, oiae, oiaM^sf^ ^ ^esi ^ah^ ^e^(ir/iro x 
/pom oisaa. nan. oiaa m¥a^(6Ds oi^^ »2aEBfs »a.^ias^H(cvD). Ba^i«B«fa(pvD) a si 

XF#gS[^(ALD) ^ Oil AH em 21 i^Si g6H i^CI. 

BB, x-x'^Oil Cl>^ BSEB afflSS. 8m2l HEiei (53)M d>a bH^£l^ ¥ ^HSJ »¥a^(61)B0| Ai^ ^§ ^a 
ft ^3 BE«»OK52)OII °ISH ^a9SAI gaSCf. ^, ¥ ^H2J »¥a^(61)S BUS #^S^^CHI ^^sxi ^^a. 

e 6boii eai& d^2f ^oi, m¥s^(6i)g ass s a oil n3B2ia 0bK62)b e^a ^, ©wa^(6i)2i saoi Eay- 
inmxi ai3B2iaas«62)B afir^^iaiasiaoi- e^ ohxi^e^ s&sfmoi xn3#^aae!(62)moii m^a^(6i)oi dh^ 
@ ^si 2*2|- aaach 

Oj|?jCH, XII3^^aasf(62)M sf^^^l^ll^aOhS^ 3¥0il^ 8h¥a^(61)S| HSSI ^^0| DIDimCN, 3 
o »£Pf g[0^ ^8 S « Oil AH ^^Oil HHOI& CI^J a^E 2! 51 (IH^Oll ^&s^5^ Pf^SfQ. 
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□ 8t¥a^(61)B 31382*9 2 st(62)LJ|OII 0H^!AI5Mi= am u JS2Sb, 2! XI HI382f9 £S*(62)B HgB * HI38 
£h9£°U62)B ^e^o^ Aiz|e^ oh¥a^(61)0l ¥MB E8AI3IH, a^OII fll2a£S>S ^ 0||x|«»0| 
U »ttTS!PI3IIS!aDh»0| OI^CHg 4- ao. 

ea. »i3#z.^2^(62)o^^ teos, psg, bpsg ms\ <aae^»et>ii &&m, g asBsm?! mmm ^ oim°i **v 

^g^OilAH 0\± mum 01 g SUM, XH1.2aaaaaK55a, 55b)E ni3SZ.t9e!Qt(62)0ll 1211 0IB» 

4* sick 

E 6c Oil EA|£ tttSf aoi. g&sfE 3I38Z}B £^(62)&0|| a4?a*l|Bt(63)B S*frB ^. a#a»BK63)6K>ll ^S^i 
S«»3I «B XII3aES[B sstbck 

3I^6HAI, *H3aEefB nH EH y SI- 01 ^¥2^(61)31- 3 39|^ HDWJt CH 301 Ul ^^&l(57)3f »»o 

S dH^@ &¥a^(64)B ggBQ. 

»B, X^^Oll CCfe B3E1 ^fflfiS, &¥2^(64)£ 2*2* 8hU2| ?-IEEfoig ®& bH^& Bh¥2^(61)3f 8*¥a^(61 

)aa s§ a«aas,H63)6KHi i^sci. 

OPI/d. a»SXJS[(63)S SBT, BLT, PZT, M£M0l iiJFEIIHU ££0| £S SBT, ES BLT, ES PZT. Hl£«^ 

5hoi ^ a»a»st a 8& mi^^^oi^ a^a*ii&t gouH <y^@ chj^ mue sasjw, »awi«sa* 

S(CVD), ^EiMU gJ LSMCDg s Oil AH <M^@ mUSJ fSjat P§H i^Q. 

□ #¥a^(64)B gg8fe XH3aE^£ ^S(Pt). OldlM(lr). 0IEIM<lH*B(lrO x ), ¥EHk(Ru), Re, Rh ^ 0IB2I ^ 
»^£BSOII/sl 01^ ShUM SSW01. »a.OiaS*fH(CVD). BBPiaS*H(PVD) » «»8S^a(ALD) EO\\M 

3aaa. ah¥a^(6i)^ #¥a^(64)oi a«aais«63)oii 2j6H &aai ^ieich 212°^, &¥a^(64)2i alpi- 
nists gjxi afeo. 

E 6d0il EAI& Uh£f HOI, #¥a^(64)S S»B SSOII XII48Z!-B 84(65)8 S*f a BBSfi ^, x-x*£101l BH 
E |[5§f3, «l4#^92e|(65)B ±]2*sf01 &¥a^(64)2| gJ^? iBl icBAPIte 3HHH A| El e^(CAPC1/C 

APC2, E5bOII EA|S)B SflWI flB XII3^g(EAI gJ^)B 8«ISCf. 

ji^wai. assess sbb aaoii m saioiMaeim M£M2i at&B axiapi «n*raaoiBKe6)B s«ra * 

, «t&UHBI 01 4(66)8 tfsjsigS ilH EH IsJ Sh 01 XHI 3^ ^ S Oil Eh &HAI2JQ. 

Ot^l Al. «MLMiliaiO|SK66)oSfc TIN, Ti ^ Ti/TiN ^ Oil AH gfUM OISBQ. 

Skttm SI 01 4(66)8 3 3 01! M^IOI^d^M g&SPI ?IB S^S|B g^B ^. i^ati aiew^o^ hh 

EiymOl b|M^o](57)0ife Hmmizr ^l^g bH^EIOI ^lEEf oi(53)0ll^ U§h6l HH^EIH ^¥a^(64)B TiN/Ti/A 
l/TiN°i £AH^ ^#^1 M£ilOI^£foj(67)e §^BQ. 

Be. x-x'^oii mm B3EI #11153, MeiioiM^oi(67)e si ^¥ a ^(64)£i iJ^gBoii ^i3e^me mm 
^¥a^(64)3f §aa ^fo? §^&ck 

0I2J- ^Ol, XII3E^S§ MailO|M£foi(67)°l ^B0il3 ^3^01 ffHOIIE Oil ¥&B ^Xl ^01- i! 

^^B XII2*JA!0]|0il^ ^^21 3HHH A| EHCHI 9H iffl A| 9 S B| B m&o\X\ MBil 01 ^ af oi ( 67 )oj gBOIIE} B^m m& 
8IES i^^j ^0AIO{| ^2|oj 3HHHAIEiOil S^6fe OiB^^M EIS 4 SIO. 

DEIH, 9HIIH Al EH CHI 21 B 3x11 &¥a=?2| ^OIEE^ Bx^Oil 2IB Oh^B ^S2| ¥&M 4 &CH 

S&sl^l- goimck 

eb, ^¥a^(64)^ m¥a^(6D^2i &e*m gtxi&ssi" o^ia a^aa^(63)B ^mx\ ®9.^^ ^ 

HfSOllAI a«a»OK63)0l # El ZED I- Oil ^#£|0i ^sfEl^ 5!B 

Be, ^!2^Al0il0llAI^ MBiiOI^BjojUi El&feSJ m&m aXISPI ?ieH *^«a(H^B &£U, *^UHaO|SfOI 

«^EJ^ 9HHHAIEie^OI S5ilO|M^o]2J ii&hOil g^EII) 2iCH ^S^o^ M51 | 0 | e^oi o^« & ^^©^ El El- ^01 a 

$?axHQMi asa s^^i oheoii ^^bHaioi^B 4£ sia. 

^. ^dHEiOi°!M S^Oil^ ^^dHdlOiSt ^2|AI 8^¥2| XH3#^93S|2| s^SOl ^H^^Oil WE ^££1^93 

2i biMafeie ±mM3\i\ ?ib s^^^ioi oibis gxipi- ^^bH aioi^e ^^m^ s^oii^ s^^i 

2*01 ^8l°S S^dH<y2| ^EHM 2Foie£H^(wine glass) §EH^ S^ShOI e^SJ BD\D[ a^mCHEfE m^XE 

a ohsoi soi ma. 
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£ 7£ B XII3*JA|0j|01l CUE 3$?a»IOU2a£»2| Me UEIt« BUOIOhSSOIC}. Xll3£JAI0jlbr X-il2^AI0{| 

£f Bee- s:»2iss ^^a. 

£ 7£ £ 5a°l S213IS0II CDS DM BilOIO«S=£/H. 2^ 3HIIH A1EH3»h »USI &^aSIS«F)8 »Sf2S 
bH^£ #¥a^(TE1,TE2)OI Cf^°J 6h¥2^(BE1 ,BE2,BE3,BE4)g £ 5b 21 SBAU 8901 e^oi( PLl ,PL 2 ) 

3 &¥a^(TE1,TE2)e S^AI3|3| «S 5MA|Ei^OI a»a«W(F)4KHI DIB! ^H*I2S »¥B5<BE1.BE2,BE3.B 
E4)S mU*J ^bl9 SOI £ 5b2f U-MCk 

a, 2^H£I ^E^o|(WL1.WL2)2[ 2JH2I bl^aF2l(BL1 .BL2)OI Ai^ aXHSfe »»(0UaCH. ?J££f2JM bH^ 
SUD bl^^oie S82S t«B&)0£ UHMSW. ?-IE^2!(WL1,WL2) Al-Ol Oil bl^a}2l(BL1 ,BL2)M »£»PIB(£A| 
Ay^ )3f aeHg^i °] si- ai^ai2J e^(BLC1 ,BLC2)0I bHxISIH. 8H42I ?-iBai2J(WL1)M OBJ Btt»?l ai3HHD A|EISB( 
CMDOl bHxISIH, CfS 6m 2] SIH2}2i(WL2)e CCJ-E4- XJI23HHH Al El 2M(CM2)0I bHXISO. 

0\D\M. XII1.29HfflA|EiaB(CM1 i CM2)S 91 = ^2!S(WL1 ,WL2) iJ^Oil bHXI@ HI e £fo|3aj e(BLC1 , B LC2)a S^SXI 
8*£H| SIE&F21B2I Ef^Oil HHXISCL 

»H. Xil15HHHA|Ei2^(CM1)^ &£XIPI»(EA| SSiSte XI ^H^(SNC1 ,SNC2), ^SEI XI ^He^(S 

NC1,SNC2)0II 6h¥2^(BE1,BE2), m¥a^(BE1 t BE2)MM ^ Al CHI 8H42I #¥a^(TE1)o^ & 

¥S^(TEDa ggs »»es sw^g^Ai emsi M£iioi^af°j(PLi)oi uhxisjoi &¥a^(TEi)ui- asaxiist(F) Ah 

Ol CHI S^S^(BE1.BE2)9 6hU*! 3HHH Al Ei^^i(CAPC1 ,CPAC2)0| bHxISDh 

H29HDIIAIEI2B(CM2)S W£aPI»(2AI «s«j& S@!Sfc ^ai Xlt2^(SNC3.SNC4). ^£aiXI^2S*i( 
SNC3.SNC4)0il 6h¥£^ (BE3.BE4), Sh¥S^(BE3.BE4)BS SAIOII § = »U2| #¥a^(TE2)2S 

^¥2^(TE2)2f e^tl" ^2S SfcHiHEIS/d SfUSJ BSD 01 M^2J(PL2)0I bHXISJDI ^¥a^(TE2)3f a«a«|Sf(F) 
Al-Ol Oil 5h¥a^(BE3 f BE4)S »U*i HH A| EH ^(CAPC3, CAPC4)0I bHXISCh 

ffl13HMAIEiaB(CM1) Sk! XII23H HH Al Ei 2B(CM2)0il SlCH>d, 2* 5MAIE1^ »U3 3fta*|ar(F)S BSSO. 

£ 8a LUXI 2 8duf S ttS°l X||3*J A| Oil (Ml d>S 3«aSI EHISdl ^XfSJ Xil£ ^Si EAIB i§ E+220ICL 01* £ 7 
£1 y-y^Oil IBS 2AISH2 21CK 

£ 8aOil 2AIQ bh2f SOI, &2H3IB(51)0II ±»Zt ^aiS U E6isf9|(52)e B^OKa. y2*IPI&(51 )&0ll £3 D\ 

z\m u&si «h§9 ?-i^dfoi(53)e sae ?-ih^°](53) ^^2j ^ssiDieKsnmoii oi^^ejssm mm 

XI^E-12] ^^/HBiiei(54a,54b)M SSffD. 

01^1/d, ^^/EBH2J(54a f 54b) § 4i^/Hai 21 (54a)^ mU2| bl^df2iOil S^£J^ ¥ ^^XI^Ei^J 
g«o^ 5[gthQ(oim 'SeH&loi'Oldf CaeiAH, El* ^^/EBIie](54b)S ^ M^XI^Ei2l ^^(0161- '^^'51 

2rs»pi- ©a. 

CH2S, a^B ^§011 HI6H M&iXI^EHM 5§S 3^ Oil 73HS^^eS|(55a)B §^ 3* S&SfB *, XII1#Z.^ 

^Q|(55a)B <y^^^^ ^l^mOl SeHaie!(54a)M ^^Al^fe »I1SB{»(£EAI <M^)m m&B\H t XHI^^SCHI 
B9H(56)B 0HSAI2JQ. 

Q§og, g^^Mao(56)^i- oHgis »iis^aaa«55a)«oii bi^dfoje afl^i wiiaasiM §^ *. aia 

Ai&l^o^ nHEiymOl g^&iMaHH(56)M eaH 5eaail2](54a)0il S^£l^ bl^^2i(57)M 3&BCK 

CH2?, b|e^oi( 57 )^ 5 ^th aiSaBfflSK55a)«0ll H2Baaaaf (55b)M ^ BBSfi M2Baaaat(5 
5b)HI aiS^a^s[(55a)S ^x^o^ Aiz|m01 ^ ^^XI^EiSJ ^^(54b)M Al 31 XH2S^S(EA| 

^ii^sHAi, m2B^mm 5&t[ aaoii Mai^ai^e gsrsn! oiixi^ s§§ esH xii2e^eoji Me.i^ai^Manzi(58)M 

¥^ OH^IAm ^, Mai^aieMaH3(58)^0ll EIEI^^aiAh0ia(59)S i^^a. 

Ol^lAi, EIEf^^aiM0l£(59)^ El Efs S* % BSaB e6H ^^Sffl, BflaV DlttS ElEffeM 918 A|2J 

5§oi oi^cnaa. 

Ah^sh M SI ^ dl e Mai H/EIEI^^ai Ami ^(58/59)^ M£HXI^Ej2J ^^(54b)CHI 2^ S^£ID4. XII 2^^!^ Oil ¥^ DHii 
Cfgo^ ElEls^ai A^0l^(59)M 5^°^ SSOil bHai0i9|21 EIEffeaSf^(TIN)(60)B *. Oil XI ^ 01 U SWS|3|3|I 

mm a^saaaoKssw^a EiEF^a^sfe xii^mot xii2^^eoii°> a*Aiao. 
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o\j\m. E\3&mmm60)s m assays m x-\ ai ai chj m^&^m mm B£i9asB£i3(58)5 m&m^ 2 

M &XI3PI «» UHSI0|S*2SAI. OiaS dHBICH^o^ EIQte994(6O)SI0ll TiAIN. TiSiN £ ™SS(0(l2iCH. T 

iSiN/TiN)e01IAi <Mi«@ CHtz 5hUS 0|g& 4= 2AD. 

SES. EIBs9^e|(60)e dHSIOWg M ^¥2^ HH&yAI gAIOll EHEiyEiOi m¥2^:Df H ^01 §SJS 4=E 

SID. 

2xHt!. HI2^S01! OHidSJ^ ME\ ^'£ieM2H3(58), EIDh^BI Af0i^<59) EtEffe§l&af(60)2j *!#9t£ £ 

Qfo^, *||2#Z>92^(55b)&01l 6F¥2^M SS8K7I S^B fll22£^je <M^^og HHEiyai- 

01 ^SdlXI^Ee^M e^H E^Xi^EH^ ££(54b)0il 3^Eli= Sh¥E^(61)8 §£^D. 

OiZMAH, 8t¥a^(61)8 B«8*fe «2a£B*S «IS(Pt). OIBIB(lr). 01£IStf»S(lrOJ. ¥8lfe(Ru). Re, Rh ^ 0IB2I ^ 
gf^SBBOil/d CH ^ 61- UM SBSfcGII. WIS MS. OISIB. Q\E\m&&m S ^321 ^Aj^ SjSS ^e^(lr/lrO x 

/pob oisbd. nam, oiaiB m¥2^(4ne oi¥^ xii22£^ a^i^s^atcvD). sapi#s*frB(PVD) ^ 21 
»Bsa*B(ALD) e 011 ah <y^& smsi i^si eaH i^sa. 

£ 8b01l £A|@ bh2f 901. m¥2^(6im SBB 2 2 Oil 938^9 BSK62)S S«tB 5f¥2^(61)°J 5£0| ^y- 
(Dl^XI 81362*9801(62)8 S^^l 31 3 2 Ol- 5E*= Ollxl^o^ g&lfahOl £11382*9 a Qt(62)UI Ml 8^3^(61)01 OH^j 

OjlfjCH, HI3#2l9SR(62)e m^^DlJW^&Ol^^ 3^011^ ^¥2^(61)21 ££JOI QIDI8K31. *)S^2I 3 

¥ adz* s v ot s^oiiah ££Joii hjsh hhoi^ uas&tE **di ch^oii sbs^ ^ssm. 

nan, m¥2^(6De *«3S2*9ast(62)moii dhuai^i^ qb °jxh si3sa9aaK62)8 84B ^ *ii3S 

Z*9«B|-(62)fi AJ2MH01 6h¥2^(61)0l B£B ¥^M ^Al 5*1:0. 22011 »122E^M ^ 011x1^01 

U S^*j3|}||»aD^0i OI^CH^ 4- 2AD. 

JHI3#^l^S|(62)o^^ TEOS, PSG, BPSG 9aiS£h»SWII 6h»B. 9aS9»SMI 9sfB 91 0IM°J 
^SSBOIlAi £1^9 CHJ= 5HH 0ISSI-D1. »|1. 282*96! SK55a. 55b)£ XII 38 2*9 BS* (62) Oil i^ii 0I8B 

4= SAD. 

£ 8cOII £AI£ bhSj- 90I. 7ai3S2l9 3^(62)^0il i^2xll^(63)g S^SQ. 01^1 Af, aSH»|SK63)S SBT, 

BLT, PZT. M^gOl S^^£I>IU ^^01 £S SBT, £S BLT, £S PZT, iHl^^^^fOI^ ^S°J a»aMB» ^ # 

Ah ffll^a^^hOI^ ^^21 if^axll^ g Oil AH AjEH^j gfui 5&mOi, »^P|«B*fH (CVD). ^ LSMCD 

m ^011 AH 5fU°J i^SI M6H e^&D. 

Qiog, a^aasK63)6KHI HI4e^^^^(65)Hf S^#(68)e x^BII^ ^, a*fi(68)3- ?3l48^9e^(65)B 

Aj^^o^ aj^^OI a^^Xll^(63)2J ^§ S2i ^#A|^|^ 3HIIHA|Eie^(CAPC)M ^^#(69)M i^TO. 

Ol^lAi, ^HUHAIQ^^M e^g(69)£ ^ ^¥2^31 ^2X11^(63)01 ¥^0|D1, 3^8(68)°^^ TiQ 2 . 

AI 2 0 3 M OlgthD. 

^HEHAjEie^M ^tth ^^1^(69) AI, J9l4B^9a HK65)a S^8(68)2J ^aiaiz|s SfeQI, Olfe M£f 

^□hM Olgoh 2jA|Aj^ A | ^^2^1^(63)01 ?ISO|D. 

£ 8doii sEAi@ u[9\ m\. ^mME^^m B^mmm s&a 22011 ^¥2^(teite2)m ssspi *H32 
^i^aHAi, «I32£sim Aj^^o^ nnaymoi 6F¥2^(6DHf 3 BPi^h ^^u ch am di^aejuf ix^fb 

^^og U[ |«E| Ah« 2 ^( 64 )g a^ mi}f a^^^OII S^£J2AH ^¥2^(64)^ gl§2S bH^SI^ MSil 

0!M^oi(67)S i^tia. 

CM^I AH, ^¥2^(64)^ HIBtPt). OIBIS(lr). 01 BIS^MdrQ.). ^Eilfe(Ru). Re, Rh ^ OIBSI ^E^^MgOllAH 

o\± mus s»»«. »«fPi^s^a(cvD). Bapi^e^B(PVD) sy si^#e^a(ALD) mo\\M wusi e^a 
ssiaci. 

□ d|3, Mai0l^^eJ(67)B TiN/Ti/AI/TiN°l £AH^ S^S|B Olg^D. 

SI39AI0Ute. 2 5§i ^sHAH aSHMStOI M^OhOII bi^SjXI B9SDF0D SIB asafll^SI 

m&m ^j\\o[tl, ^¥2^3} m¥2^°i a^iM stt»?ii raaa« ^ 9xo\ ^ch2 9HnnAiEisj a^iuioiiAi ch &e 26h 

S AFSB 4^ 2AD. 
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E9^g ^SSI XHI4^A|OIIOil a^SxHDIieBI ^»2I B fillOKHSEOIDh 

£ 9i= E 5a2J SJtSISOII CCIM SEEfM aiOIOf^E^Ai. 2^ 3H HH Al EH 8fU2J 2J«BXI|SUF)B S^SHQ ^Sfog 

3¥S^(TE1 P TE2)OI 0-4=2] 8f¥2^(BE1 ,BE2.BE3,BE4)e 3^ XII2^A|0|| ^ Xjl3<y Ai 0II2} §^o^ 
g*||SMF)30ll 3¥S^(TE1 ,TE2)M S^APPI ?lfi 3HIIHAIEHS^ (CAPC1 ,CPAC2,CPAC3.CAPC4)0I Dial ^U^^S 
=?UIS XH33AI0II& iiSHK M5ilOl^^ei(PL1.PL2)OI =>(TE1 ,TE2)2J gi^ iiB Oil °} ±m^m 

SOI n2AIAIM U Xil3*JA!0il2f 

a 2;H£| 9| = ae!(WL1.WL2)]»23H2| Ul MfiieKBU ,BL2)0I Ai£ g*»(0HaCH. ^E£f°ie y^ B J82£ dHg 

am dl^dfoJM dHSB)2£ OHxISIDI. $IE^B(WL1,WL2) AfOIOIl d|e^oj(BL1 f BL2)» B£»PIB(£A| 

5§I8PI ?1B bje^oi 5SKBLC1.BLC2)0I UHXISIQ. »U2| °-l (WL1 )H ©£} S 9 of 31 XI1 1 3HHH Al EH 5i( 

cmdoi bHxian. »u2i si = yB(WL2)s caej- aa»Mi xii25>hiihaiehgm(cm2)oi uhxibo. 

OPIAf. ai f 23HIIHA|EISB(CM1.CM2)8 ?IE5ie!»(WL1 ,WL2) 8l«*0ll tJHxl^ Ul ^ ^ei^^M(BLC1 ,BLC2)3I- 3^£IXI 
3*E^ ^E£fPJM2] EI^OII UHXIBCk 

BB H13IWIIA|EieS(CM1)S BEMPIB(S=AI ^^)Hf S^£]i= ^SdlXI EES^(SNC1 .SNC2). ^Sdl XIEES^HS 
NC1,SNC2)0il »¥a^(BE1.BE2). »¥S 3(BE1 ,BE2)§M SAIOU Hfc 6fU2] 3¥a^(TE1)oS ?gs\o\, & 

¥2^(TE1)H}- a»aas«F) AfOIOII 3HIIHA|EH^(CAPC1,CPAC2)0I dHx|£iH, 3¥a^(TE1)£] SJ^SBOII mU°l M 
EI|0|esfe!(PL1)OI S^Cf. 

3dl=2. a29HHA|E)S>(CM2)S B£flPIB(£AI »b«j» S^iElfe ^££IX!EES^(SNC3,SNC4), ^Sdl XI^E^( 
SNC3.SNC4)0II S^Q 6f¥S^ (BE3.BE4), 8h¥S^(BE3.BE4)S8 MAI Oil 6fU2| 3¥St^(TE2)oS ^3SCH, 
^¥2^(TE2)3f a^SXIW(F) AfOIOII 3HIIH Al Ei^^(CAPC3,CPAC4)0l HHXIEIH, 3¥S^(TE2)£J ^^^BOil 8fU2] 
Bai0IME*B(PL2)0l S^BO. 

3?IB XH13HHHAIE1GB(CM1) SI HI29HHHAIEiaS(CM2)0ll AH. 2* 3HHHAIEHMB 5fU2] B«a»|BHF)B g^BD. 
£ 10a UXI £ 10dfe S ^S°| XHI44! Al Ml Oil TtB U^2xHI OHSEI £Xf2l HIS giai £AIB 5§ &P*£0IO. 
0I8K £ 921 y-y'^Oil Of^ BBEB S58KM 398PIS BO. 

£ 10aCHI £Al£ Ufa 1*01, BEHPIB(51)0II ±7Ki fl» ■ = ^»«(52)» 9381-12. B£*IPIB(51 )3(HI ^§ 

ZHdlM ^=2 UB61 HH^9 ?-l^^oj(53)M ^. ?-IE^£J(53) g,^°J B£aPIB(51)LH0ll OIB^^SSM mm M 

^XI^EHSJ ^^/HBI|oj(54a.54b)S 

OPIAI, ^^/H£Hei(54a, 54b) § ±±/^d\\°±(54a)B 8fU£| bHM^2l(BL1)0l| S^£J^ ¥ ^^XI^EHSJ Si 

^gBQtoiaf 'ge^aiei'otdf ^^^). co-df ah . ^^/^aiiej(54b)^ ^ e^xi^asi ^^(oim 

[}§og, ggoil ^gHXI^EHM SBOII 3911 SBSSet(55a)» §J @&sfth ^. »I1SB§ 

^e[(55a)M ^^j^o^ AjzimOl ggE£H£!(54a)g inftAPIfe »I1SB!»(EA| fll1Sei«0|| §^01 

MBHZI(56)M QH^AI^JO. 

a§og, &±&\mz-\n(56V[ ohusi mie^i^^(55a)^oii di^^oiM 938PI ?ib xmaa^e g^B ^. xina 

£m« <M^^jo^ nH EH y 5f 01 §^H!MS.-i3(56)B gBH gpHfll £i(54a)M S^£]^ dl^e|oj(57)e g^BEf. 

[flog, dl^dfoi(57)e SBB »l1SBSIBat(55a)6K)ll H2SBaBS|" (55b)M i«f % BBSfB ^. XII2SBSBSt(5 
5b)3l- XU1S2faB^(55a)M ^x^^^ Ai^afOI ^ ^XI^EHSJ ^^(54b)M ^SAPI^ XH2^^jS(EA| ^3 
BQ. 

^|^6HAH, XH2e^BM SBB E&Ott Mdl^ai^g ia[8Q Oilxl^ S§§ H6H XII 2^^ ^ Oil fi£| ^£1 EH H(58)S 
¥^ OH^AI^i ^, BBItfBI SB £1=1(58)3011 ElEls^lBI AfO|£(59)M 93BD. 

OI^IAl. EIEttefi!£IAtOI£(59)te ElEfs B«( U s xi £1 M S5H 93B01. ^xHBI^ 0IB§ EiEI^M H^iSPI flB A|a» 
5§0I 0l¥OiaCK 

3SB M£I^EISMdH=l/EIEi-fe^EIAfOIH(58/59)^ ^^XI^EH2J (54b) Oil S¥ S^SOl, XII2E^gOII ¥^ OH^ 

b ^2ss 

Qfog, ElE}fe^EIAfOIE(59)M IBS SSOil dHSI 0)0^2! EIBba»S«TiN)(60)B B«TB OHxI^OlU 

™&nm mm fli2«B«ea*(55b)32i aEt&mm^m xwmo\ xn2e^soiiB bwai^iq. 
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o\d\m. E\E}^mm^(60)B awaxiiatsi s ai ai chi m¥2^M mm mz\ME\mmzMi(58)^ m&mt= 3 

m SXISPI «B HHBIOiafoSAl. Oia» BH B.|Oi°|o^^ E|BfeSSfQ«60)2IOII TiAIN. TiSiN §J 0IM2J ^iJM(0tl2HCH, T 
iSiN/TiN)gCHI/d £1^9 CH!= ShUB OISB 4= &CL 

seb. aatea»o«60)a s»s weighs m »¥a? nnayAi saioii iiHEHysioi »¥a^a n «oi sub ^£ 
seixi^e^oiehi BBfec*. 

H2B2*aH2M55b)#0ll 5h¥2^g SSoH?l 9IB M2H£S*B B^S XH2S£SJB <mb»^o^ EH EH y 5h 
01 ^SSIXIinSSejB mm eg«x|^EISJ (54b) Oil S^£J^ m¥2^(6im 

OPI/H. 5h¥2^(61)M SgSfe »l2SES{-e B«S(Pt) f OiaiS(lr). OlfilStf »S(lrQx). ^BIs(Ru), Re, Rh S! 0IM2J ^ 

&^3£ggoii/d oi^ ami ss8H=rai. oiia is, oiais. oi£i^2^M a! ^21 £ah^ 3#^(ir/iro x 
/pt)« oisbck nam. oiehb m^s^wua oi¥fe Hi2aEs*e as^i^esteKcvD). BEPi^e^a(PVD) s si 
»ss*bi(ald) ^oiiah 2^9 musj e^gf mm t^a. 

£ 10b Oil £AI^ bF2f »0I. 6t¥S^(61)S SSB 2£0ll Jil 3# Zl 1^21 9-1(62) M S*B m¥2^(61)2J S^OI E£i 
y-Cffl WX1 X||3B2>Baet(62)B 2>*^:OI^£DF SEi= 011x1^°^ Q&^SKX HI3S2*a 3^(62) LH Oil SF¥2^(61)0I OH 

Oll^iCH, *U3#^2S|(62)e SfS^I^EOho^ 3¥0iii= m¥2^(61)2| 5£2J ^^Ol DIDI8KM. MS^2| 3 
« *J?h SOI- S ^ CHI AH £*JOil 2J6H HH 0| CI£J 32I dH ^ Oil BBS^ 2l*8hO. 

nam, m¥2^(6De «i3#z>^^^(62)LHoii ohuaisi^ em »i3#e.^^^(62)e age * *ii3# 

zi§^oi(62)e geisies Ai^a^oi m¥2^(6noi ¥^e ^bai^hd. 2^011 xii2aEs>B s*b ^ oiixi^oi 

U a 01-5*01 Ol¥0i§! 4 s ao. 

BE ^l3#ZI^^S|(62)o^b TEOS, PSG, BPSG ^2J 6!aiStf»s*3ll 2*fM. 6IBISH»S«II §^ 0IM2J ^D* 

^e^oun <M^g oi«^ ami oiswoi. *m .282*32! sK55a, ssws ai3aaaasK62)oii i^n oisa 
4 aick 

£ 10CCHI £AI9 b^2f UOI. a&§*@ 81362*8 2 ^(62)^011 a«aS|SK63)B i^Q. a«a»S«63)£ SBT, 

BLT. PZT, M^MOI S^EI^U 5^01 £g SBT, Ei BLT. £S P2T, ffll^M^r3|-0i^ =?&2\ aSSaaf St # 

mi^td^oi^ 9^2] awaxiist g oil ah <y^@ ch^ ami sacrni. »^i«s*b(cvd). ^esu ^ lsmcd 

Q§og ( a^SXIl °|(63)^0il »l4S^aB 21(65)31- S^#(68)M X^l^ ^, S^#(68)3f »4SZ.ta£! ^(65)M 

Aj^^o^ Ai^afOI ^^£!X||S|(63)2J ±m 531 !^#A|5I^ AI Ei^Sj(CAPC)e s\m B^m(69)m ^&mc[. 

0\D\M, 5HHH A| EH S^S E^^(69)^ ^¥S^i ^^2^1^(63)01 ¥^0|D1, a^S(68)°Sfe Ti0 2 , 

ai 2 o 3 m oigsta. 

th©, 3HIIHAIEie^M ?l& ^^S(69) §^AI, H4S aa 0^(65)3 §^#(68)£i ^^Ai^g 5^ Gil. Olfe MEf 

Olg^ 2iAiAie|AI ^^2^1^(63)01 ^XIoPI ?|SOI Of. 

E 1 0dCHI EAI9 dh2f ^Ol, 3HHHAIEH^^e ^itl" e^a(69)M 2 3 Oil ^¥2^1 S^S^I JHI32£^M e 

^, «|32E^M AjE^^ At ^^01 ^¥2^(64)M l^^Cf. 

01 OH, ^¥2^(64)^ ^¥2^(61)111 3 U:HU CH BOI blM^ei3f 2xf5fb 882S UHSSQ. 

CM ^l AH ^¥2^(64)^ ^S(Pt), OiaiSOr), Ol d|§^sfg(lrO x ), ¥Eilfe(Ru), Re, Rh % 0IM2J ^&?3&§^0IIAI 
CHb, §fUl S»5HM. »«l«S«rH(CVD). BEI5l«B*rH(PVD) §^ a»BS*BI(ALD) ^OIlAi 2^^l 6hU2l B«a 

Q§o S) £ 1 0eCHi £AIS bhSf ^Ol, ^¥2^{64)M 2^011 BaiOl S Ef2i(PL)e ?l& ^^S|# BStS 
^, ^¥2^(64)21 S E+ Oil B> BQIOI MSieJ(67)e S^AI^ID. 

£ 10e^ £ 10d£J x-x'^oil ©» BEU Ol ^Efo](67)^ a^2j m¥2^(61)M ^¥2^(64)2! 

OilSl- S^H, 21 ^¥2^(61)011 MEI^ai^MaHH(52)g^ ^^2^^(52)01l 2J6H ^dlSHSAM ^ ^¥2 

^(6i)a ^aiAi^m jao. 

mm. eaiO|E£hoi(67)eTiN/Ti/AI/TiN2| ^AiS ^^^M Olg&Ch 
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&^sh XH^AIOII^ HI3^A|0j|0il sBSjOil &¥ 2 ^(64)11} MfillOl M£f°J(67)e MAI Oil nHEiyem 8tH. ^¥3^(6 

4)°te nHEiy ©hoi saioi^Eiejo^ A^ga^i ?iaH. &¥3^(64)2j seoiie* MBiioi^eioi(67)e Mai 

01 ^ El el (67) ^2J EIEIhOI ^2X^(63)^ ^3 0i 1^*1^2 M ^sfAI^I^ ^XI6K3. ^HHHAlEi S^M C|£ 
331 S«»CHa£E 231 ^^^011 ¥&0| 0IDim°S 01 31 (HI M&ll 01 MEf°Ig DH^^Oj 5§|XISi «*S»fcrCIIS gO|SI» 

a. 

£ 11a UiXI £ 1 1dfe ^ BtSSI HI5*JAI0il0ll OJS SSS*IIOIiea£»2| HI 2 gfSM £AI& g§ &££^Ai, HI3*1A| 

ni» sue* s^ais a aioioh^e x^oisoi aaa, ^muiE-i^oi &¥2^:a Meiioi^oi Ahoioii 
§oi a. 

£ 11a«l EAI9 tihSI 901. I )3f ^££^§^(11)01 ShSE»PIEH71)0ll 2*EIM ?|& »Htf»nK7 

2)M i^sm, e*EMI2ie(71)#£l *J§^( I ) CHI ^§ >l£IM ¥13 US8I UH^9 (73)M Sg» « = »£!(73 

) 9*21 &[£XIPIB(81)UI0I| OI^^£Jg§e = &X\±&21 ±±/=aifi!(74a.74b.74c)S S£&Ct. 

0131/d. 4:^/E5iiei(74a, 74b, 74c) g ^/H£il°J(74a)^ ^ MS^2J dlM£fei(BL1 )Oil S^£l^ ¥ = 

2\ giSiSaog ^SttCKOISt '^MHBiiej'OI^ SfS»). (I}£fAi, El^ ^^/H Sil ei (74b)^ ^ =&X\±E\2\ ±±(0\ 

m '±± i EJt s, k s»)^ an, ^asisssiouoii ±^/Eaioj(74c)^ ^Masssumai di^ei2i(BLp)oi a 
¥soio. 

cf§og ( ^§ou oj aH ^&x\±am ssoii Hn#£.^2^(75am ai Bests xmazta 

^Qf(75a)e <M^^o^ aizi^O! 5eH5iiei(74a)3f ^^U^S^(ll)2j 4^/^31 £J (74c) M ^A|3|^ H1 1 = i«£(£AI 

£*^)s ugann, hm^soii g^@!gao(76)a on^Amo. 

Q§o? ( g^EjJM£IIl(76b):H 0H^£J HI1#£.^2^(75a)&0II dl^oi^ S£St?l ?IS HMSESJS S*fS ^. XH1 1 S 
£Q |s £EH*Hog MEJtiStOI g£@!»aD(76)a g6H SP^Bil 2J (74a)HI 4:^/= fill 2! (74c) Oil dl^Ef°l(77)M 

Qi2g ) uiM£iej{77)M 5&?[ H1 1 SZta 2! ^ (75a) &T0II HI2S^aaaf(75b)8 1^ % IB&fi ^. »l2«2ta0SK75 

b)3t HI1S2*aa9t(75a)S £#2!£S Ai2|5h01 2| m£HXI^Ei2J ^(74b)M ^^AI5I^ HI2^m(£Al 

SO. 

3I^5HAH, HI2e^SM SSS 2^ Oil MEI^EI^M g^6Hl Oilxl^ S§I e6H HI2E^g01l BSIdiaSBBI 3(78)8 
¥^ OH^AI^j BatfBI5BBO(78)6K>ll El Em <^ El AfOI^(79)P S«&D. 

oi^i ah. EiEi^^ai AhoiH(79)*=r ei Eis ^ mx-\z\m mm ssaoi, ^^ei^ Di^e EiE^g Hi^a^i ?is 

SSOI Ol^Oi&CI. 

Mdl^dl^M^Zl/EIEIs^dl AmiH(78/79)^ ^^XI^EiSJ 4:^ (74b) Oil 5¥ S^SIffl, HI2^i«m0il ¥^ QHH 

C[I2^, EIBfeAiaiAWI = (79)» S&» 2 2 Oil HH £1 Oj 2J Ei Els^sf ^(TiN)(80)M ^. OilXl^OlU 5f«I^^MI 

^^QfM esH X-il2#Z>^^°l(75b)^2i EIEffeSsf9|S HI >i 61-01 HI2^^S0il°i &^A|gJQ. 

CM ^ I AH . El Ef feaS9|(80)S aSS»|at2| 8t»£IAI0ll ^^^^ S^S^M mm M£l^£I^M£iH(78)^ ^^6^ 3 
f§ »X|»5| bH £1 Oi afos/d , Oiai» HHaol^oSfe EIEI^g§}^(80)2J0il TiAIN, TiSiN ^ 0IM2I ^&M(0H2CH, T 
ISiN/TiN)gOilAH <M^@ CH i= 5IUI OlStt ^ HQ. 

SEff, EIEIfe^lf^(80)M dHEIOi^B 6h¥S^ HH Ei y A| gAIOil HHEiySjOi m¥2^3f 3 ^01 SSS 4=£ 

^Xig, HI2^^S0ii DH^Ja^ M£I4'£I^M£0(78). El Els ^ £1 Ah 01 ^(79) S EIBfeil&e[(80)£| ^S^IS ^ 
S£|XI^He^(SNC)OI£HI S^^Q. 

Cfeo^, HI2eZ>^3^(75b)^0il 5f¥5!^i UgSPI ?IS HI2S£S|M e^th ^. HI2S£S|§ nHEiym 
01 ^SdlXltEE^(SNC)i §6H MSHXI^EISI ^^(74b)0il S^£i^ m¥2^(81)# g&SCK 

Ol^lAi, m¥2^(81)M S^Ste HI2S£^g ^S(Pt). 0[£IM(lr), 0| £IS^ag(lrO x ). ^SIh(Ru). Re, Rh S! 0IM°J ^ 
&?5^gOIIAi Oiizz 6ILH S^S^QI. Oil M 12, 0I£Ih, OlEl^^^g % ^I^HJ ^Ai^ 2« #s^(lr/lrO x 

/pt)e ois»cf. nam. oia& af¥s^(4DM oi¥^ »i2aEOfs »a.oi«B«ta(cvD). gapi^e^s(pvD) a si 
»eg*rs(ALD) g oil ah am°j g^ai mm m^ct. 
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£ 11bOil £AI9 tlhSI aoi. 8F¥2^(81)8 5& v 8 ^ 3 0]| XH382>80 4(82)8 §48 m. 6t¥2^(81)2l 5£0I 
WNJtXI 30382*804(82)8 »433l3l|2i0[]|- SE^ Oilxl^o^ ggtswoi XII3S2I80 4(82) LH Oil »¥S^(81)0I OH 

n@ =?^m 44 m&mo. 

WDIM. ^¥2^(81)8 »3B2*804(82)UIOII 0H^AI3l£r Cfi a JS2^, 0 *|I3S2*§ 04(82)8 888 * XH38 
2*804(82)8 <M^^og Ai^shOI §^¥2^(81)01 888 ¥^e tBA|9|Ii f 22 Oil XH28SE48 §48 ^ Oilxl^OI 

u »4si3i3iisi eohSKM o\mo\m ^ ?xo. 

80. »l382*80 4(82)°Sfe TEOS, PSG, BPSG §S| 8SIBtf 84311 839884311 ^sli ^ 0182] 

^?3Sg§0il/H 2^£! CH1= »U8 Olgmm. XI1 1 .282*80 4(75a. 75b) £ HI 38 2*8 04(82)011 1311 0188 

4= 5UCL 

£ 11c«l £AI@ W» 801, SiSB H3S2*804(82)8OII 98884(83)8 848 *. *HfflS84( 11)01 §89 ¥ 
g^i <mbh^o^ flj^OI I )0il°> 982*114(83)8 S^AI!lCf. 

OI3I/H. 8«a»l4(83)S SBT, BLT, PZT, M£M0l S3hE|3iU £801 £S SBT, £9 BLT. £§ PZT, IUISM^ 

5^oi^ =?&2\ 982*114 9J bis^^oi^ a«aai4 eoiiAi ou= emi s^qi, 843ias4 

8(CVD). §J LSMCDS § Oil AH 2^£j 6hU£J i^gi S6H f^SCf. 

982*114(83)8 £88 23011 8¥2^(TE)8 §8Sh3l ?|» HI3SE4B §48 ^, H3SSE48 2^3£ 

s nnaymoj 982*114(83)8 afoioii ¥12 eF¥2^(8i):ai- 3hhhaie-ib oi¥fe 8¥2^(84)e s^^a. 

Cfgo^, 8¥S^(84)8 SB8 2 0 Oil ^1482*8 04(85)8 i^Cf. 

0131 Al. 8¥2=>(84)g ffljgtPt), OiaiS(lr). 0iai828B(lrO x ). ^EIIfe(Ru). Re, Rh 8 0IS2I «B?£BS0||A| 2^9 
Oi^ ShUM fi9»B, 843I8§4S(CVD), SBI3I8S4H(PVD) 8 8»8§4ffl(ALD) §0H/H 2^3 8FU2I 848 

S4@a. 

E 11dOII EAI9 bh2f 80I. HI 48 2*8 04(85)8 ©48 M£1IOI^0e S^AI5|3| fl» £4*148 8AI8JfcQL 0 
H I )°l HI4S2*8 04(85)08 243°S ai^K* 8¥ 2^(84)3 ^§ 331 in8A|3|{= 3H AH Al 9^^188 

888 ^, ^£si^S4(ll)2J 81482*804(84). 111382*804(82) 8 731282*3 04(75b)B 243°^ Ai2|gf0j bl 

M£f0(77)£i ^§ S0S bz^M3i^ s^bH2g ^488 888CK 

80. 34UH2S 3HuHAIEie^8 88AI ^Al Oil ^8§i 4* AO. 

3||^5HAi. 3HIIHAIEI548 8 S^dH£8 E^lii 588 20011 42bHei 01 4(86)8 §48 ^, 9HHHAIEI948OII0 2 
W5|£s S*2bHd|CH 4(86)8 243°^ nHEiy8Q- 

043IA1, 4^bH£IOI4(86)SSfe TIN. Ti 8 Ti/TiN ^ Oil AH ^Lfg 01S8Q. 

C[go^, 46htiHSI 01 4(86)8 £88 20011 ^bH£M a^SPI ?I8 S^48 §48 ^. S^48 2^^^^ HHEiy 
81-01 8¥8^(84)0B BaiOISBI-0(PL. 87)M 8883 SAIOII ^0^J^S^(II)2| S^bH2(88)M 88BCK 

888 Xil5^A|01|^ I ) CXI AH 982^14(83)8 ^4^X1 S^^o^ 982^114(83)21 &I40II d>^ ^SfM 4XII8H1. 

8¥2^(84)Hf af¥2^(81)2J 33IM M^8^l EH EH y 8 ^ 2iCH ^CH2 3HEHAIEI2I 33ILH0II Ai CH S8H Af88 

a. 

ZIEIH, ^^U^S4(M)01l 982 »l 4(83)01 ^Oh ^^sl^S4( II )0IIA|£| S^bH2g e^i8 i^i 91 

8 ^4 SSOI gOimCK ^. #^§0480 8CH^°^ 982^1401 98SD ^148 5hU2l B3II 

S 8AI8 4* SAD. 

888 ^AlOjlOilAH^r 982X1148 0186^ FeRAMMOII CH6H ^S6ia2U, ^AlOll^Ai BST. Ta 2 O s £f 128 
2X118 0186^ DRAM Oil SE 5j§t 4= 2iCK 



B 318 Af^g 831 UhBSIS SAIOII Oil CCfdf ^Xll^oS 3l8£|2ioU, 8318 MMW^ 3 ^Si «» 510101 3 

XII88 flfi 501 O^ye ^S|»OI0t 8a. SE8. S ^SSI 318 ^0^ M8°J 2^3^0 « ^SSJ 318 M82I 
LHOilAi Q&8 ^AIOII3f 3f^88 0ISH8 4 <Zim 5 01 Of. 



^S2| ^21 
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■r 4= 2ioi 3H MAI a on ms» 4^ at ssf^i ecHAi^ 4* siiBB ows, a&aaarsi Ai^saooAi 

nam, ^huh ai eh oil 21 & b»« ^ aicn o^b^saisi vse goim s&sfHi oia§e ^^aih 4* 2i*r s^i^h 

SI Eh 

E&. M^IOIM£f°JZl°J e^Oi &i=r 751 ^e*& (IH MSI 01 M^oi Q\i?&=2i2\ S|M 4 s 21 

SE&, BilOIOI-^S ZICHS Ahgo^AH g§S! df^Oi 5jgOI ^SWOI, aiEISSI Si! 4 s 2112, U 

HO. 

3HHH Al El (HI 3HflHA|EH^S SS6FXI 8Hi SBIIOI ^£121 °J S E+ CHI 3HHHAj&^^M gge ^ 9iO\ m 

&™ ^^Aioii z^g 5maie]chi e^e a«»fe oiage nis 4- 2is= m s§§ B^ifAi3i^ saw 210. 

(57) 8^21 g?i 

1. 

£^ou a^s a 4*21 of¥si^; 

Cf^oj AH si I*£A|5>lffi E*4*2] 5f¥2^°j SSHf S&SfS Ol^^ 521 i£I2 2I&2J 

^oii a» mass; 

01 ^:>i s^a^oii g§2s entrap &&mzm&2\ 0*4*21 
saas ^s^si gfe asaai ehisbi ±xt. 



a?a 2. 
wnsoii 21ch ah , 

c^oj s^^j^oji QiaS}^ qi^oj Ah« 2 ^oj ¥ «§ t^AI^I^ Q4*2J E^ili ^13 £M EI4-2J & 

^i2^^e2j ei- 4=^1 eau ^01 ef^hj §aichi s^ai^i^ afusj MSiioi^^oiM s&&m m 



3. 

«M»0ll AH , 



S^PS 4. 
JBI1»0ll SiOIAH, 

^Ol X||15J#S|M AHsl !2AI3lfe Xil21^e5f XII2S!»a» 
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HI1»0II 910\M. 

XII2¥^g STfe ^§2? 6hi=r £^2x{| CHISai £Xf. 



S^PS 6. 
SI5»0il &OUH, 



XI5S0II AH , 

a«asi dii2ej ^xk 



HI48 £E= MI7S0II 9X0\M, 

&D\ S^§8 Ti0 2 S A! 2 0 3 § Oil AH »UH ^S^^ 6fe BIS3 ^Xh 



S^S 9. 

&J\ &&&Xmm <y^^^^ *|2imoi 01330113 £>WA|3li= 331: ^ 



a^p» io. 

XII980M &CH AH , 



S^S 11. 
XII9S0II 2i01AH f 
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12. 

an soil siCHAi, 

401 Mousse <y^°s #31 0*4*21 2^21 401 xii2¥^M t^Aisife =^i§ sgsR= bji; 

&d\ M2m&m&o\\ ^^mo\\ sish 401 1112^^011 401 d^sj 2^011 emiab D4* 

m s»»s asses asaa chi his ^s. 

S^S 13. 
»I11»0|| 

*H2S&g&01l 6PI e^SOIl 2J6H I XII 2¥^ Oil AH &J\ Xll2¥^2P- 33|g Q^21 M 

m sstm "see u^asi Diieai ^a>hj is ^s. 

S?S 14. 

AI12S SE = HI13SCHI AH , 

H\2m&WS DK*2I &¥S^0il S^SS SSSS ^§2? ofe a^SSII OilSdl £tt°J Xil£ »e. 
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